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ABSTRACT
Determination of Static Contraction Times to Exhaustion for Given Percentages of 
a 1 RM in the Bench Press, Leg Press, and Pulldown Exercises
by
Jeremy Fransen
Dr. John Young, Examination Committee Chair 
Professor o f Kinesiology 
University of Nevada, Las Vegas
The purpose o f this study was to determine the time to exhaustion based on 
percentages o f the I RM in the bench press, leg press, and pulldown exercises. Eleven 
healthy males, age 27.7 ± 5.5 years, volunteered for the study to compare the strength 
differences between their maximum isotonic strength and isometric strength (a static 
contraction hold) in the pulldown, bench press, and leg press exercises. Five randomized 
static contractions sets were performed 5 cm below the lockout position in the bench 
press and leg press exercises. The static contraction position for the pulldown was when 
the forearm was at a 90° angle relative to the upper arm. The percentages o f the static 
contraction sets were based on the time to exhaustion normally associated with 
weight/strength training. The results indicate that greater loads can be used for longer 
contraction times during the static contraction sets than conventional, full range 
movements.
Ill
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CHAPTER 1 
INTRODUCTION
The interest in the development o f  strength has been prominent throughout recorded 
history. Over 2500 years ago, in the 6th century B.C., the Greeks became the first culture 
to practice progressive resistance training (Dutton, 1995). The physical idealism 
prominently portrayed by Greek sculptors o f the High Classical period is still with us 
today. In their socio-religious system, the Greeks portrayed athletes as heroes. It was 
logical the Greek hero-figure, who was most often depicted as a god, would be admired 
in the closest physical form- the athlete. Aspirations to this physical ideal gradually 
shifted the domain o f the athlete from the stadium to the gymnasium. It was in the 
gymnasium that the act o f athletic training, along with sports and education, took place. 
The Romans, however, emulated Greek theories and are widely credited for developing 
weight training (Dutton, 1995).
Strength training has evolved considerably throughout modem times. The ultimate 
goal o f a strength-training program is to increase the maximum amount o f  force 
generated by the working muscles. The types o f  resistance movements typically 
incorporated into strength training programs are isometric, isotonic, and isokinetic 
exercise. Isometric exercise involves static muscular contractions with no joint 
movement (Powers and Howley, 1990). Isotonic or dynamic exercise uses constant force
1
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2applied and carried through a full range o f motion. It is usually performed with barbells 
and dumbbells. Isokinetic exercise involves using a constant speed velocity throughout 
the movements’ fiill range (Astrand and Rodhal, 1986).
All o f  these types o f  resistance exercise act to increase the size and strength o f the 
muscles by providing overload. The overload principle involves increasing the resistance 
over time. This initiates the physiological adaptations o f  muscle size and strength 
(deVries, 1980). Without overload, muscles will not adapt through increased myofibril 
growth.
There is adequate research to show the effects o f resistance training on muscular 
strength and size (Kraemer, Deschenes, and Fleck, 1988; Tesch and Larsson, 1982; 
MacDougall, Elder, Sale, Moroz, and Sutton, 1980; Starkey et al., 1996). However, there 
has been considerable debate over which resistance training produces the best results. 
Equipment manufacturers have, traditionally, promoted their machines as superior to 
conventional barbell and dumbbell weight training. Besides their obvious financial 
interests, manufacturers claim superior strength curves and safety reasons to use their 
equipment. Although exercise machines can provide safe alternatives to free weight 
exercises, serious athletes contend that barbell and dumbbell training is the most efficient 
and productive way to train.
Isometric and isotonic are the two types o f resistance training involving free weights. 
If  free weights are the most productive in promoting size and strength gains, then 
isometric, isotonic, or the combination o f the two, is the fastest way to results. Training 
protocol specificity dictates that isotonic training will increase isometric strength 
(Mathews and Fox, 1976). However, new research has shown increases in dynamic
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
3strength (isotonic) through static contraction (isometric) training (Sisco and Little, 1996). 
The gains in full movement strength were substantial, as was the static contraction 
strength.
Statement o f the Problem 
Current research in muscular strength and size adaptations to exercise has been 
advancing substantially due to the increased interest o f  the exercise physiology and 
medical communities. With greater interest comes greater hope o f  finding the most 
efficient exercise to promote muscular hypertrophy and strength increases. The two most 
common forms o f  resistance exercise are isometric and isotonic training.
Static contraction training is a type o f isometric exercise that uses free weights. Static 
contraction training gained little popularity among weight lifters until Peter Sisco and 
John Little experimented with it and then published a book on the subject (Sisco and 
Little, 1996). Static contraction training involves holding a weight in the strongest part of 
the range o f motion until muscular exhaustion (usually between 15 to 30 seconds). 
Although the results o f a 10-week static contraction-training program were given as 
percentages over baseline strength levels, there are no specific guidelines as to how much 
weight one should use when performing static contractions. The research question is: 
What percentages o f  a 1 RM (one repetition maximum; or, the amount o f weight an 
individual can perform for one complete full range repetition) can be used for static 
contraction training in the bench press, leg press, and pulldown exercises?
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Purpose o f  the Study 
The purpose o f the study was to determine static contraction times to exhaustion at 
certain percentages o f  a 1 RM in the bench press, leg press, and pulldown exercises.
. Limitations o f the Study
1. Participants were given instructions to exert maximal effort when obtaining their 1 
RM weight. It is assumed that the participants were using their maximum ability on each 
1 RM test
2. Participants were given instructions to exert maximal effort during the static 
contraction holds. It was assumed that the participants were using their maximum ability 
on each trial.
3. It was assumed that the weight lifted during the 1 RM trials was the maximum amount 
that could be lifted one time.
4. It was assumed that the weight held for the static contractions was the maximum 
amount o f  weight the participant could hold until muscular exhaustion.
5. Participants were given instructions not to weight train at least 48 hours prior to the 
testing date to insure accurate tests. It was assumed the participants complied with this 
request.
6. Because men aged 21-37 was used, only inferences about this group can be made.
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CHAPTER 2
LITERATURE REVIEW 
History o f  Weight Training 
The development o f  strength has interested humanity for thousands o f  years. Murals 
and cave carvings depicting weight lifting scenes date back as early as 3000 BC 
(Stafford, 1978). One o f the most popular folk legends is that o f Milo o f  Croton. Greek 
legend has it that Milo tried to increase his strength by lifting and then walking with a 
calf on his shoulders every day. As the calf grew, so did Milo, until he was able to lift 
and carry a full-grown bull. The concept o f lifting heavier weight over time is known as 
progressive resistance exercise. This is still accepted as the most effective component to 
any contemporary weight lifting program (Jones and Rutherford, 1987).
Strength training and competition played a significant role in the ancient Olympic 
games. The Romans were the first to practice and develop ideas about weight training.
As the popularity o f health and vigor grew during the middle to late 1800’s, so did the 
practice o f exercise and weightlifting. Weightlifting staged a world championship in 
1891 and was included in the first modem Olympic Games o f  1896 (Dutton, 1995).
In the 1870’s, Theodore Siebert o f  Germany learned that weight lifters could perform 
better than the usual athlete in most sports (Hoffinan, 1959). He influenced Alan Calvert, 
who was known as the first advocate o f  weight training methods to the United States.
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6Calvert started the Milo Barbell Co. in 1902 and Strength Magazine in 1914 (Hoffman. 
1959).
Bob Hoffman started the York Barbell Company in 1932 and later merged with the 
Milo Barbell Co. Hoffman was an adamant supporter o f weight lifting as a sport and as a 
means o f physical improvement. He advocated using weight lifting as a means to 
improve in other activities such as track and field, running, and rowing. This was during 
a time many coaches believed weight lifting would slow an athlete down or make them 
“muscle bound” (Hoffman, 1959).
In the following years, the 1940’s and 1950’s, body building contests such as the Mr. 
America and Mr. Universe attracted scores o f want to-be musclemen and ignited an 
interest in weight lifting and bodybuilding (Stafford, 1978). Through the popularity of 
individuals like Steve Reeves portraying Hercules, up to Arnold Schwarzenegger, lifting 
weights broke into the mainstream o f American culture.
Instruments to Measure Strength
Scientists have been interested in measuring physical fitness and strength for a long 
time. Although strength competition was prevalent since the early ages, it was not until 
1699 that the first scientific evaluation o f strength was recorded. French scientist De La 
Hire compared the strength o f men in carrying burdens and lifting weights with that of 
horses (Hunsicker and Donelly, 1955). Since then, there have been numerous methods 
and instruments used to measure strength.
In the United States, there was a significant rise in public health concerns during the 
latter half o f  the 19th Century. Sargent, o f  Harvard University, developed an
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7intercollegiate strength test that measured the physical condition o f  Harvard students. In 
1897, fifteen colleges and universities adopted his test (Mathews, 1978).
Strength testing declined during the early 1900s but later regained popularity in the 
1920’s with the publication o f  Rogers’ Physical Capacitv Tests in the Administration o f 
Physical Education. Rogers later revised Sargent’s Intercollegiate Strength Index for 
general athletic ability (Mathews, 1978). Many more physical fitness tests were 
developed thereafter, some o f  which included strength testing.
The number o f strength studies increased following World War II. In a classic study, 
DeLorme (1945) used heavy resistance, low repetition exercises designed for the 
restoration o f  muscle strength in injured servicemen. Patients exercised thirty minutes a 
day, five days a week. One day during the week, the patient performed the maximum 
amount o f weight he could raise one time. This was recorded as their 1 RM. A 10 RM 
was also computed and used as the basis o f the program. These tests have become 
important testing measures for isotonic training regimens.
During the 1960s, research focused on the optimum number o f sets and repetitions to 
develop strength (Berger and Hardage, 1967) and muscular endurance (Clarke and Stull, 
1970). It was theorized that gains in strength can be achieved by exercising three to five 
days a week using 1 to 10 sets at 2 to 10 RM. Sets involving greater than 10 repetitions 
are considered more effective for endurance gains.
Strength testing does have its limitations. Certain are the immediate psychological 
effects that can disrupt testing accuracy. Ikai and Steinhaus found that subjects’ 
maximum strength increased by 7-12 percent by shouting at them (Petrofsky, 1982).
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8Temperature can alter strength tests. Oftentimes strength tests are performed on the 
forearm muscles. These conditions may vary by as much as 20° C (Petrofsky and Lind, 
1975). The handgrip muscles o f 6 male subjects were tested and it was found that a rapid 
decline in strength occurred when muscle temperature was reduced below 28° C. The 
decline in strength was attributed to failure o f the contractile components and cold related 
neuromuscular junction failure (Petrofsky and Lind, 1981).
Reliability is another problem that oftentimes plagues strength studies. Some studies 
reported wide variations from the same individual from day to day. This may be due to 
the many varieties o f dynamometers being used and/or the joint angle necessary for 
maximum contractions. It is also debatable if the subjects are truly exerting maximal 
effort during strength tests (Kraemer et al., 1988).
Principles o f Weight Training
Overload Principle
The basic principal that strength increase depends on is the overload principle. As the 
body adapts to the stress o f strength training, one must increase the demands to facilitate 
further gains. There have been several researchers demonstrating strength increases with 
the overload principle (Fleck and Kraemer, 1997; Wilmore and Costill, 1999). Muscular 
overload may be attained in a number o f ways (Katch and McArdle, 1977). These 
include:
1. Increasing the resistance lifted in an exercise over a consistent range o f motion;
2. Increasing the number o f repetitions for a given amount o f resistance;
3. Manipulating the speed o f muscular contractions; and
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94. Various combinations o f the three methods.
O f particular significance is method three. Recent evidence suggests the concept o f 
time under tension (the length o f time the muscle is actually contracted) may play a 
significant role in the acquisition o f strength and muscular hypertrophy (Keogh, Wilson, 
and Weatherby, 1999).
Repetitions/Sets
The elementary components o f weight training are individual repetitions that comprise 
a set. The following are brief definitions o f commonly used terms.
1. Repetition- each time a weight is moved through the range o f motion in a particular 
exercise.
2. Set- the number o f repetitions performed consecutively or the length o f time the 
muscle is contracted.
3. Repetition Maximum- The maximum amount of weight in an exercise an individual 
can lift. For example, a 5 RM would be the maximal load that can be lifted five times. 
Likewise, a 1 RM is the maximum amount o f  weight lifted once through the movements’ 
full range o f motion.
Types o f Muscular Contractions
The types o f resistance training are also types o f muscular contractions.
1. Isotonic Contraction- Type o f muscular contraction resulting in limb or body 
movement. There are several types (Horotobagyi et al., 1996).
A. Concentric contraction- Muscle shortening or negative contractions.
B. Eccentric contraction- Muscle lengthening- also known as the negative part o f the 
repetition.
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c. Isokinetic contraction- Contraction where the tension developed by the muscle is 
maximal at all joint angles over the complete range o f motion.
2. Isometric Contractions- This type o f contraction occurs when a muscle attempts to 
shorten but is unable to overcome the resistance ( Hakkinen, Alen, and Komi, 1985). 
Therefore, joint movement does not take place. This allows its use during post-surgical 
strengthening phases when movement is not possible (Wilmore and Costill, 1999).
Static contractions are a type o f isometric contraction where no joint movement takes 
place. This differs from traditional isometrics, which are performed by contracting the 
muscles against an immovable object, such as a wall. Static contraction training (Sisco 
and Little, 1996) applies isometrics to free weight exercise. Static contractions involve 
holding a weight motionless in the strongest range o f motion until exhaustion. Instead o f 
squeezing a hand dynamometer, one tries to resist the weights' eccentric path by holding 
it motionless. This method of isometric training is unique compared to earlier programs.
Isotonic and Isometric Strength Training 
One o f the longest held beliefs in the training literature is that o f specificity- that 
training must involve the type o f work being trained for. Isometric training is not 
effective means o f training a muscle for dynamic exercise, and dynamic training has no 
influence on isometric performance (Astrand and Rodahl, 1986). However, there are 
discrepancies in the literature regarding comparisons between various training and testing 
modes (Knuttgen and Kraemer, 1987; Baker, Wilson, and Carlyon, 1994). Consequently, 
there have been studies that test strength via isometric means (strain gauges, load cells
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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and force platforms) to determine dynamic strength (Baker et al., 1994; Young and 
Bilby, 1993).
In one study, eight men aged 20 to 30 years old weight trained three days per week for 
19 weeks. The participants trained using six sets o f  a leg press exercise. In comparison 
to a control group (n=6), only the trained group increased (p<0.01) weight lifting 
performance, and left and right knee extensor cross-section area. In contrast, training 
caused no increase in maximal voluntary isometric knee extension strength, electrically 
evoked knee extensor peak twitch, and knee extensor motor unit activation. These results 
indicate that strength and hypertrophy increases due to weight training do not necessarily 
increase performance in same muscle group isometric related tasks (Sale, Martin, Moroz, 
1992).
Baker et al. ( 1994) examined the relationship between isometric and dynamic strength 
to determine the existence o f training specificity versus that o f generality. A group o f 22 
men, experienced in weight training, were tested in both upper and lower body dynamic 
and isometric measures o f strength and speed strength. All subjects performed a 
strength-training program consisting o f  free weight exercises three days per week for 12 
weeks. Strength testing consisted o f a 1 RM in the squat exercise and a 1 RM in the 
bench press exercise. Isometric strength testing was performed using a load cell system 
for both the upper and lower body. Post test results indicated that changes in isometric 
and dynamic strength consequent to a dynamic heavy resistance training program were 
unrelated (r=0.12-0.15). These results support the theory o f specificity o f muscle 
function rather than that o f generality.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Sisco and Little (1996) found a 54% average transference o f strength using static 
contractions. This means an individual that adds 100 kg to their static strength will add 
54 kg to their full range dynamic strength. Unfortunately, there are questions o f research 
methodology as data was reported on only twelve o f the 41 subjects tested. The 
participants (mean age 38.4 years) trained on the average o f  2.1 times per week for 10 
weeks. Two workouts consisting o f five exercises and two sets o f contractions for 15 to 
30 s were used. Progressive overload was achieved by increasing the weight once the 
subjects could hold the static contractions longer than 30 s. The subjects then moved to a 
heavier weight for a static contraction o f 15 s and gradually started to work toward 30 s. 
The average static gain was 51.3%. The average 1 RM increased 27.6% and the average 
10 RM rose 34.3% above pre-training values. Their study showed remarkable strength 
increases in experienced weight lifters. The study was unique because it combined 
traditional isotonic exercises using isometric training. The large transfer of static 
strength was considerable and inconsistent with earlier studies. The validity and testing 
procedures may be questioned. This study was not reported in a peer reviewed, 
professional, scientific journal.
The physiologic adaptations to both isometric and dynamic training have been shown 
to vary (Duchateau and Hainaut, 1984). The specific adaptation o f contractile properties 
is dependent on the type o f contraction performed. Duchateau and Hainaut found that 
dynamic training increases the speed o f  movement during light loads, whereas isometric 
training increases the speed of movement against high mechanical resistance's.
The primary variable for strengthening muscle isometrically is the magnitude o f 
tension developed (Kreighbaum and Barthels, 1985). It was first assumed a few
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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isometric contractions per day were sufficient for strength increases. In one study, 
subjects exerted 10 maximum voluntary contractions (MVC’s) per day combined with 
sub-maximal isometric contractions five times per day. No more than a 10% increase in 
isometric strength was reported (Petrofsky and Lind, 1975). This was also found with 
weightlifters (Astrand and Rodahl, 1986).
In a study done by Parker (1984), four men trained their stronger leg using isometric 
contractions for 19 weeks and five other men trained their stronger leg using dynamic 
resistance. Isometric training produced a 30% (p<0.01) increase in MVC performance. 
Dynamic work did not improve MVC performance but did improve knee extension 
performance test by 33%. However, isometric training resulted in similar improvements 
in the knee extension test. The results o f this test are that isometric training appears to be 
more effective than dynamic work in improving the parameters o f muscle function.
Beyond the comparison between isometric and isotonic exercise programs, one smdy 
compared the effects o f a combined isometric and isotonic program to that o f a standard 
isotonic training program (Jackson, Jackson, Hnatek, West, 1985). The participants were 
assigned to two training groups. The experimental group (N=33) trained for 19 weeks, 
three days per week, using a six to eight RM lifting regiment on the bench press exercise. 
The experimental group also performed six isometric MVC’s at a pre-determined 
sticking point in the bench press. The control group (N=26) followed the same six to 
eight RM bench press program as the experimental group but did not engage in the 
isometric contractions. All subjects were pre and post-tested for IRM strength in the 
bench press. Analysis o f data indicated no significant differences on the pretest between 
the experimental and control conditions, significant strength improvements for both
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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groups, and on the post-test the experimental group was significantly stronger than the 
control group. These results indicate that isometrics combined with isotonic exercise 
increase strength significantly greater than traditional isotonic weight training programs.
It has been demonstrated that eccentric muscular contractions cause more subcellular 
damage, increased electromyogram (EMG) responses, longer muscle performance 
recovery, and greater delayed onset muscle soreness (DOMS) than both concentric and 
isometric exercise (Kroon and Naeije, 1991; McHugh, Connolly, Eston, and Gleim, 
2000). Jones and Rutherford (1987) demonstrated a 45% higher force generated during 
eccentric training versus concentric training. They also found an increase in isometric 
and concentric force using eccentric exercise and a 5% increase in cross sectional area 
with concentric and eccentric training. Others concluded that muscular hypertrophy 
increased maximally with both concentric and eccentric contractions and little or no 
growth from using concentric or eccentric contractions exclusively (Hather, Tesch, 
Buchanan, Dudley, 1991).
Thomas and Zebas (1984) concluded maximum contractions for 5 to 10 s will 
strengthen muscle, however, the gains may be isolated to the training joint angle, and the 
results are generally inferior to dynamic training. It has been suggested to increase 
strength throughout the full range o f motion using isometric contractions, the exercise 
must be performed at different joint angles (Heyward, 1991).
Blackwell, Korantz, and Heath (1999) examined the effects o f grip span on maximal 
force and fatigue during isometric dynamometer testing. They found that fatigue did not 
change throughout the grip position trials. Maximal force during the middle grip size, 
however, did reach statistical significance.
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One study compared the isometric contraction strength o f six healthy women's left 
plantarflexors at various joint angles (Kitai and Sale, 1989). Training sessions, done 
three times per week for six weeks, consisted o f two sets o f ten 5s MVC's at an ankle 
joint angle o f  90°. Prior to and following the training voluntary and evoked isometric 
contraction strength was recorded at the training joint angle and at angles 5°, 10°, 15°, 
and 20° in plantarflexion and dorsi flexion directions. Training increased voluntary 
strength at the training angle and at 5° plantarflexion and 5° dorsi flexion angles only.
The results from this study indicated a specificity o f joint angle in the training response 
and that a neural mechanism is responsible for the specificity o f joint angle observed in 
isometric training.
The degree o f joint angle at which isometric training takes place is usually a fixed 
point. This is due to the fact, that, traditionally, isometric exercise involves pushing or 
pulling against an immovable object. This makes angle movements constant for the 
duration o f the contractions. However, static contraction training involves holding a 
given weight in position while fighting the effects o f gravity. This results in angle 
changes due to muscle stabilization and compensation throughout the set.
There is, o f course, a component o f static exercise during isotonic movements as well, 
in the case o f  static contraction training, dynamic movement during the isometric set. All 
motion involves a constant balance between stability and mobility. Muscles are 
generally designed to do one o f these two functions. Muscles that provide stability are 
oftentimes referred to as "shunt muscles." Muscles that create movement around a joint 
are referred to as "spurt muscles" (Norkin and Levangie, 1992). Therefore, it is
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reasonable to assume a training program consisting o f  static as well as full range 
movements would specifically target these biomechanical functions.
Another consideration in determining the muscles' effectiveness is the angle at which 
the muscle pulls the bone. When the muscles' angle o f attachment is at 90° to the bone 
that it pulls, 100% o f its force contributes to the bones' movement (Kreighbaum and 
Barthels, 1985). This means the greatest torque may be generated by a muscle whose 
direction of pull is 90° to the shaff of its bone. An example o f  this joint angle was used 
during the pulldown exercise. The strongest range o f motion occurred when the upper 
arm was 90° to that o f the forearm. This was the position used in this study during the 
static contraction trials in the pulldown exercise.
Sisco and Little (1996) advise a range o f one to three inches below the lockout 
position. Although the joint angle would vary depending on limb length differences and 
during performance execution, these minor angles may not play a significant role in time 
until muscular exhaustion. Perhaps the slight movement during stabilization is one o f the 
reasons free weights have a reputation as being superior to machine exercises. Based on 
this logic, static contraction may be superior to traditional isometrics for increasing 
muscular size and/or strength
The reasons for the joint angle shifting and movement may be due to the 
unaccustomed nature o f  static contraction sets. Therefore, like beginning weight lifters, 
their neuromuscular patterns for sustaining such contractions were not developed. 
Perhaps over time a training effect would occur that would enable the lifter to stabilize 
the weight in a more strict, controlled fashion. The training effect may enable a lifter to 
use a greater percent o f their 1 RM for a given length o f time to muscular exhaustion.
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In addition to the neuromuscular learning during the execution during static 
contraction sets, synergistic muscles that are called into action at a certain joint angle are 
needed and therefore become strengthened as members o f  that joint angles' team of 
muscles (Kreighbaum and Barthels, 1985).
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CHAPTER 3 
METHODOLOGY
Eleven adult males between the ages o f 22-37 years volunteered for the study. The 
participants were primarily college students with a mean age o f  27.7 ±5 .5  years, an 
average height o f  174.5 ± 5 .8  cm, and an average weight o f  90.7 ±17.7 kg. The 
participants were familiar with the exercises and had an average o f 9.3 years o f weight 
training experience. The participants had no prior experience using static contraction 
training methodologies.
Prior to testing, the participants' height and weight were taken. Each participant 
completed an informal consent form and the testing procedures were explained 
(Appendix II). The participants were asked to maintain their normal sleep and food 
consumption patterns. Participants were asked not to exercise 48 hours prior to the 
testing date. The strength tests were performed in the weight training room and the data 
was recorded on individual score sheets (Appendix HI). All testing was done during one 
trip to the weight room lasting about 110 minutes.
1 RM Test Protocol
Prior to the start o f  each exercise, the participants used light weights, or just the bar, 
and performed a few repetitions to warm-up and stretch the muscles involved. The
18
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participants were asked to give an approximation o f  their 1 RM in the exercise. Based on 
this information, the 1 RM testing began. The participant did only one repetition, and 
then they were asked how difficult, on a scale o f  1 to 10, ten being the absolute 
maximum, how difficult the repetition was. Weight was added or subtracted based on 
their previous attempt. Because the participants were experienced weightlifters, an 
average o f  three attempts were performed per exercise to determine the 1 RM.
The tests were performed using a leg press apparatus, pulldown machine, and a barbell 
and bench with ffee-weights. The maximum amount o f weight that could be moved 
through the full range o f motion in strict form was described as the 1 RM. Each 
participant rested 5 minutes between 1 RM attempts. The 1 RM was obtained in the 
following exercises.
1. Bench Press (shoulder flexion, elbow extension, inward rotation o f  humerus) muscles 
worked: pectoralis major, anterior deltoid, subscapularis, and triceps brachii. The 
participant lay on his back on a bench with the hands pronated with the elbows extended. 
This is referred to as the ‘lock-out’ position. The weight was lowered to the chest under 
control. As soon as the bar touched the chest, the participant pushed the bar to the 
starting position.
2. Leg Press (knee extension, hip extension) muscles worked: rectus femoris, vastus 
lateralis, vastus medialis, vastus intermedius, semitendinosis, semimembranosis, biceps 
femoris, and gluteus maximus. Due to the extreme weight used during the static 
contraction test, only the right leg was tested. The participant sat on the leg press with 
the back support set at a 45° angle. The knee was extended at the start or lockout 
position. The weight was lowered until the lower leg was at a 90° angle to the upper leg.
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At this knee flexion, the participant pushed up and extended the knee back to the lockout 
position.
3. Pulldown (elbow flexion, shoulder extension) muscles worked: latissimus dorsi, teres 
major, posterior deltoid, biceps brachii, and brachialis. In a seated position, the 
participant grasped the bar with the hands in a supinated position with complete elbow 
extension. The participant pulled the bar down until it touched their upper chest. The bar 
was then returned from the position o f full elbow flexion back up to full elbow extension.
It is interesting to note the major difference in exercise execution in the pulldown 
exercise compared to the other two. Notice that there was no lockout position in the 
pulldown exercise. This is because the exercise was started in the stretch position, unlike 
the bench press and leg press that were started in the fully contracted position.
Static Contraction Test Protocol 
After the 1 RM was obtained for the three exercises, the participants rested five 
minutes before the static contraction trials. The participants were assisted in lowering the 
weight into position and held it motionless.
Time was kept with a stopwatch with time beginning as soon as the bar was 
motionless in the static contraction position. Time was stopped as soon as muscular 
failure took place and the weight started to move from the static contiaction position.
The participants were given verbal encouragement to sustain effort until total muscular 
exhaustion.
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Various trials based on the participants’ 1 RM were randomly assigned to the 
participants by drawing the numbers out o f a hat (Crowl, 1996). The exercises were also 
randomly assigned to the participants. The participant rested five minutes between trials.
1. Bench Press - The participant lay on his back on a flat bench. For safety 
purposes, the bench was set in a power rack with pins acting as supports. The bar 
was lifted by spotters into the lockout position. A previous study (Sisco and
Little, 1996) recommended two to three inches or the strongest range o f  motion for the 
static contraction hold. A five-centimeter piece o f tape was placed on the inside o f  the 
power rack near the bar. The placement was individualized based on arm length. The 
participant lowered the bar into position with 120,130,140,150, and 160% o f their 1 
RM. These percentages were randomly chosen for the static contraction trials. Time was 
recorded. Participants rested five minutes between static contraction trials.
2. Leg Press - As mentioned previously, only the right leg was tested. For stronger 
individuals, the amount o f weight needed to use both limbs would vastly exceed the leg 
presses capabilities. Participants lowered the weight five centimeters, as indicated by a 
piece o f  tape placed on the bar o f  the leg press. Time was started once the sled was 
motionless. The participant held the position as long as possible and then lowered the 
weight to the safety pins. The percent o f the 1 RM was randomly assigned with a five- 
minute rest period between trials. Percentages o f  150,160,170,180, and 190 o f  the 
participants’ 1 RM were performed.
3. Pulldown - Testing static contraction pulldowns created a few problems because 
o f  the start position. The biceps and latissimus are in the stretch position, which is just 
the opposite o f  the bench press and leg press exercises. This study tested the static
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contraction when the upper arm was parallel with the floor and formed a 90° angle with 
the forearm. Time started once the participant was helped into position. Time stopped 
when the weight started to descend. The seat was raised so the participant did not have to 
return the weight back and stretch the muscles excessively which could be potentially 
very dangerous. Static contraction weight o f  70 ,80 ,90 ,100 , and 110% of the 
participants’ 1 RM was randomly assigned. A 5 min rest period was used between trials.
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CHAPTER 4
RESULTS AND DISCUSSION 
The mean times and standard deviations for the exercises along with the percentages 
o f  the 1 RM are given in Table 1. Figures 1,2, and 3 are bar graphs depicting the means 
and standard deviations o f  the three exercises. The individual and mean times to 
exhaustion for the various percentages o f the 1 RM in the pulldown, leg press, and bench 
press exercises are given in tables 2 ,3 , and 4 respectively (Appendix II). Additional 
participant data is located in Appendix IH. Table S provides an accurate description o f 
energy systems, time under tension, and the physiologic adaptive response to training. 
Table 6 provides an estimation o f a 1 RM from various repetition maximums.
This study examined an individuals’ 1 RM and the time until exhaustion using static 
contraction holds in the bench press, leg press, and pulldown exercises. The results o f 
this study are in agreement with previous reports that static contraction sets involve 
greater loads with longer contraction times than conventional, full range movements. 
This is readily apparent due to the fact that the static contraction sets used loads equal to 
or greater than the 1 RM. Therefore, the muscles involved in these exercises are 
contracting under greater loads than normally possible through conventional, full-range 
training. Since overload is positively correlated with increased muscle size and strength 
gains (Baechle, 1994), then static contraction training may be beneficial.
23
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Table 1
Mean Times and Standard Deviations o f Times to Exhaustion for Given Percentages o f 
the 1 RM
% o f  1 RM
Exercise 70% 80% 90% 100% 110%
Pulldown 34(7) 28(7) 24(6) 16(5) 11 (4)
150% 160% 170% 180% 190%
Leg Press 47(10) 39(9) 35 (8) 30(8) 21 (5)
120% 130% 140% 150% 160%
Bench Press 26(6') 18 m  16(81 11 m 7(6)
Note: Times rounded to whole seconds with (standard deviations).
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Mean Times to Exhaustion in the Pulldown 
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Mean Times to Exhaustion in the Leg Press 
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The results o f  this study are useful to weight training individuals who wish to apply 
extreme overload to their muscles. Using table S, they can determine the time under 
tension that is associated with their desired response to training.
The adenosine-triphosphate/creatine phosphate system (ATP-PC) is a metabolic 
system used for short-term, high intensity training. The glycolytic system is an 
intermediate system that is activated during contraction times lasting 13 to 60 sec. If one 
were to train for muscular and/or cardiovascular endurance, the duration o f  activity 
should be 1 min and beyond (Table 5).
Table 5
Metabolic System, Time, and Adaptive Response to Training
System Duration Adaptive response
ATP-CP 1-12 s Power/strength
Glycolytic 13-30 s Strength/increased muscle size
Glycolytic 31-60 s Anaerobic muscular endurance/ 
increased muscle size
Oxidative 1 min to 
several hours
Aerobic muscular and 
cardiovascular endurance
Note. Adapted from Essentials o f  Strength Training and Conditioning, by T.R. 
Baechle, 1994, Champaign, IL: Human Kinetics.
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Suppose an individual wanted to train for muscular strength and size in the bench 
press exercise and decided they want to do static contraction sets lasting 18 s. Using 
Figure 3, they would find that the mean time o f  18 s to exhaustion occurred with 130% o f 
the participants 1 RM. Therefore, 130% o f  their 1 RM would be an accurate resistance to 
use during the static contraction sets.
Before an individual can use these results, they must find their 1 RM. If  spotters are 
not handy or if  one does not train that heavy, they can approximate their 1 RM from 
various repetitions to exhaustion. Fleck and Kraemer (1997) developed guidelines to 
estimate a 1 RM (Table 6). For example, if  an individual knows they can do 10 reps with 
90 kg in the pulldown exercise, they can look at Table 6 and see that a 10 RM is 
approximately 75% o f  the 1 RM. Their 1 RM is easy to calculate: 9(K.75= 120 kg. 
Recent evidence suggests that a 1 RM calculated from a regression equation has a high 
correlation (r =0.983) if  subjects are technique trained (Abadie, Altorfer, Schuler, 1999).
This same person wishes to train their ATP-PC system using static contractions lasting 
10 seconds (Table 5). Looking at Figure 1, they can see that 10-second static 
contractions to exhaustion were at approximately 110% o f their 1 RM. Since their 1 RM 
is 120 kg, the weight to use for the static contraction sets would be: 120^1.1= 132 kg.
The bench press and leg press exercises proved somewhat problematic due to slight 
angular shifts while trying to stabilize the bar or sled during the execution o f  the static 
contractions. Because complete contraction o f  the muscles occurs near the lockout 
position, this happens to be the strongest range o f  motion. Therefore, as the eccentric 
phase o f  the exercise continues, the muscular tension able to be produced decreases.
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Table 6
Relationship Between Maximum Number o f  Repetitions and Percent o f  1 RM
Max # o f  repetitions Percent o f  1 RM
20 55
18 60
14 65
12 70
10 75
8 80
6 85
4 90
2 95
1 100
Note. Adapted from Biomechanics: A quantitative approach for stuying human 
movement (2"** ed), by E. Kreighbaum, and K.M. Barthels, 1985, Minneapolis, MN: 
Burgess.
The obvious question becomes, "What joint angle provides the greatest overload?" O f 
course, holding a weight in the lockout position does provide a stimulus to the 
muscles, but the bones and joints take up a great percentage o f  the load. Therefore, just 
below lockout would provide a position for maximum loads. The movement occurring
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while trying to stabilize the weight made it nearly impossible for the participants to 
maintain an exact joint angle.
Each exercise being tested had unique problems associated with them. The bench 
press was the hardest exercise for the participants to keep stable. The bench press was 
also the only true free weight exercise being tested in this study. Vertical as well as 
horizontal movement took place resulting in a few erroneous trials. The potential for a 
substantial weight over the participants 1 RM and normal exercising weight resulted in 
participant comments o f wrist pain. Four out o f  eleven participants complained o f  slight 
pain when performing sets over their 1 RM.
The leg press allowed the greatest percentage over the 1 RM to be used as well as 
increased times to muscular exhaustion. This may be due to the increased number o f 
slow and intermediate muscle fiber type distribution in the lower body (Gollnick, 
Armstrong, Saubert, Piehl, and Saltin, 1972; Burke, Levine, Tsairis, and Zajac, 1973; 
Costill, Fink, and Pollock, 1976). Some participants commented how they felt stronger 
during their second or third sets even thought the randomized trial had an increase in 
weight. Perhaps a neuromuscular learning effect happens only after one or two sets o f 
this exercise or the previous sets act as a warm-up to further the muscles contraction 
times throughout the trials.
Although there could be no lateral movement during the execution o f the sets, the 
leg press did have a tendency to slowly move downward during the execution o f  the 
trials. Perhaps this decrease in the leg angle suggests that the near lockout position is not 
the strongest range or there were an increasing number o f  muscle fibers slowly being
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exhausted for the duration o f  the set. Another possibility is that the gluteal muscle groups 
and the hamstring are activated as the leg angle decreases and the participants' were 
unknowingly attempting to bring these muscles into the execution o f  the static 
contraction set. Regardless, the participants had to be continuously reminded to hold the 
static contraction position. Finally, motivation seemed to play a larger role in this 
exercise as compared to the others. This is probably due to the large muscle mass o f the 
quadriceps as well as localized fatigue byproducts such as lactic acid accumulating in the 
muscles. The fatigue and physical discomfort made this exercise difficult to perform for 
the participants.
The most accurate test seemed to be the pulldown exercise. The times to muscular 
failure based on the percentage o f the I RM were consistent. Very little movement 
occurred while performing the contractions, yet there was some shaking during the last 
few seconds before muscular exhaustion. Sisco and Little (1996), advise pulling two to 
three inches fi’om the full stretch position and hold for the static contraction. The amount 
o f  weight that could be used for this static contraction position would be significant, but 
the risk for injury would also be substantial. The overload placed on the muscles is one 
o f  the theories o f  the efficacy o f  static contraction training (Sisco and Little, 1996). 
However, the bottom position, or the fully contracted range o f  motion, was substantially 
the weakest range o f the exercise. It was logical to use the middle range for the static 
contraction test. Two participants complained o f handgrip fatigue in the final seconds o f 
their last set.
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Problems associated with static contraction training are varied. One o f  the first 
incorrect assumptions when using static or partial range o f motion training is defining 
work as force x time. The scientific definition is: work = force x distance (Knuttgen and 
Komi, 1992). Although extremely heavy weights can be used during the contractions, the 
workload is actually decreased because there is no distance traveled during isometric 
contractions. Second, at the strongest range o f motion more force may be produced, but 
there is less tension on the muscles. Finally, Sisco and Little (1996) postulate that this 
training is superior to all others and should be used exclusively with no full range 
movements. There is no evidence to support these claims.
There are drawbacks to using this type o f  training exclusively. First, when a muscle 
contracts over a reduced range o f  motion for long periods, its length is reduced through a 
loss o f sarcomeres at the ends o f  the muscle (Leiber, 1992). Over time, this may lead to a 
disruption in the normal balance between agonists and antagonists, causing postural 
problems and dysfunctional joint mechanics (Le Bozec and Rougier, 1991). Second, the 
use o f  excessive weight may lead to joint and connective tissue injuries (Fees, Becker, 
Snyder-Mackler, Axe, 1998). Finally, a large part o f the growth process occurs during 
the remodeling phase resulting from micro traumatic damage caused during intramuscular 
friction when performing the eccentric stage o f  the repetition (Kroon and Naeije, 
1991;McHugh et al., 2000). In static training there is little or no movement inside the 
sarcomere and, as a result, little or no friction.
Another variable significant to this study was the rest period between sets. The 
optimum rest interval between isometric efforts has not been firmly established. Rest
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intervals ranging from less than one second to two minutes and over have been used with 
their relative effects unknown (Kreighbaum and Barthels, 1985).
Abdessemed, Duche, Hautier, Poumarat, and Bedu (1999) studied the effects o f 
recovery duration on muscular power over 10 sets using 1 min, 3 min, and 5 min rest 
intervals in the bench press exercise. There was no significant (p>0.01) power decrease 
using the 3 min and 5 min rest intervals between sets. However, the 1 min protocol had a 
significant decrease in power during sets 4 through 10 and an increase in blood lactate 
concentrations.
Another study examined rest interval time on repeated 1 RM bench press trials (Weir, 
Wagner, and Housh, 1994). Sixteen participants, who were experienced in the bench 
press exercise, completed a 1 RM test and then rested 1 ,3 ,5 , or 10 min before repeating 
the test. The results showed no significance (p>0.05) difference in the ability to repeat a 
successful maximal bench press based on the rest interval lengths tested. The present 
study used five minutes between both the 1 RM trials and static contraction sets to ensure 
the ATP-CP system was adequately replenished between trials
The number o f  sets performed may or may not play a significant role in the acquisition 
o f muscular hypertrophy or strength. Studies have shown that one set is equally effective 
for increasing strength as multiple sets (Stowers, McMillen, and Scala, 1983). Sisco and 
Little (1996) recommend a maximum o f two sets o f  static contractions for each exercise 
in their training program. Due to the extreme overload and severity o f static contraction 
training, only one or (at most) two sets for any given exercise should be applicable for 
training goals.
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CONCLUSIONS AND RECOMMENDATIONS 
Based on the results o f this study, it is concluded that heavier loads can be used for 
longer contraction times than conventional, full range training. The times to exhaustion 
exceeded the 1 RM, therefore, the overload placed on the muscles was substantially 
greater than traditional, isotonic training.
It is recommended that full range movements be used in conjunction with or 
interspersed between periods o f static contraction training. Only a few sets need to be 
incorporated, perhaps for an exercise that has reached a strength plateau. Users o f  this 
program can determine their training goals and adjust the weight accordingly.
Future research should try to replicate the large increases in static strength as well as 
the transference to full range strength that was found by Sisco and Little (1996).
Research could also focus on specific joint angles and their relationship to time to 
muscular exhaustion. Different exercises could also be tested along with a greater 
number o f  percentages o f the 1 RM. The differences o f  static contraction in trained 
participants versus untrained participants in time to exhaustion for specific exercises may 
help understand the neuromuscular learning effect as well as the participation o f  shunt 
muscles. The latter could be investigated through analysis techniques such as EMG 
recordings.
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DATE: February 22, 1999
TO: Jeremy Fransen
Department of Kinesiology 
M/S: 3034
FROM : Young
e^thair, Biomedical Sciences Committee U UNLV Institutional Review Board
RE: Status of Human Subject Protocol entitled:
"Measurement of the Percentage of a IRM During a Static 
Contraction Hold in the Bench Press Exercise"
OSP #504s0299-196b
This memorandum is official notification that the protocol for 
the project referenced above has been approved by the Biomedical 
Sciences Review Committee of the UNLV Institutional Review Board. 
This approval is approved for a period of one year from the date 
of this notification, and work on the project may proceed.
Should the use of human subjects described in this protocol 
continue beyond a year from the date of this notification, it 
will be necessary to request an extension.
If you have any questions or require any assistance, please 
contact Marsha Green at 895-1357.
cc: J. Young (KIN-3034)
OSP File
Office of Sponsored Programs 
4505 Maryland Parkway • Box 451037 •  Las Vegas, Nevada 89154-1037 
(702) 895-1357 • FAX (702) 895-4242
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INFORMED CONSENT
By Jeremy Fransen, graduate student, exercise physiology
I hereby consent to engage voluntarily in the following study as part o f  a research project. 
This study will determine the static contraction weight in the bench press, leg press, and 
pulldown exercises.
The exercises will be tested to determine the maximum amount o f  weight that can be 
lifted one time (1 RM). Following these trials, the exercises will be tested again using 
isometric resistance known as static contraction training. Weight will be moved into 
position and held motionless until muscular exhaustion occurs. There will be five 
random trials performed at various percentages o f  the 1 RM. There will be a 5-minute 
rest between trials. Time will be kept with a stopwatch. Based on the information 
gathered, the mean times to exhaustion in the three exercises will be reported. Your 
involvement in the study will include one trip to the lab lasting approximately 110 
minutes.
I understand that should any symptoms such as fatigue or other types o f discomfort 
appear, I have the right to stop the test at my discretion. Otherwise, I understand that 
Jeremy Fransen (the investigator) will keep me under observation during the testing 
procedure.
Benefits o f  participation in the study include finding a percentage o f  the 1 RM that 
provides adequate resistance for using the static contraction-training program for 
increasing muscular strength and size. By participating in the study, the means will 
determine the time to exhaustion using certain percentages o f  the 1 RM.
I hereby voluntarily give consent to inclusion o f  data concerning my 1 RM and static 
contraction weight in the bench press, leg press, and pulldown exercises. This data will 
be used in a professional manner and will receive only impersonal statistical treatment 
with my right to privacy protected. None o f the data will be revealed in individualized 
form to another person without my prior written consent. Further, I recognize that I can 
discontinue participation at any time without penalty.
In addition to the previous information, should the researcher want to stop the test, he has 
the full right and responsibility to do so. This decision is based on subjective and/or 
physiological data. I have read and understand the informed consent sheet.
Any questions that may have occurred have been answered to my satisfaction. Further 
inquiries involving this research project can be answered by contacting the following: 
Office o f  Sponsored Programs 895-1357 and/or Kinesiology Dept. 895-3289.
Date: Signature:
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Participant 1
Age: 37 
Height: 170 cm 
Weight: 80 kg
Weight lifting experience: 17 years 
Pulldown
1 RM = 75 kg
Randomized trials 
2
3 
5 
1
4
% o f 1 RM 
70 
80 
90 
100 
110
weight (kg) 
53 
60 
68 
75 
83
Time (seconds) 
43.9
40.5
35.2
21.6
17.3
Leg Press
1 RM = 51 kg
Randomized trials 
2 
1
4
3
5
% o f l  RM 
150 
160 
170 
180 
190
weight (kg) 
77 
82 
87 
92 
97
Time (seconds)
32.8
29.0
29.3
23.4
16.2
Bench Press
1 RM = 64 kg
Randomized trials % o f  1 RM weight (kg) Time (seconds)
1 120 76 34.2
5 130 83 25.1
2 140 89 30.5
4 150 95 21.0
3 160 102 17.5
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Participant 2
Age; 33 
Height: 70 cm 
Weight: 104 kg
Weight lifting experience: 17 years
Pulldown
1 RM = 126 kg 
Randomized trials % o f 1 RM weight (kg) time (seconds)
1 70 88 24.2
3 80 101 17.6
2 90 114 15.9
5 100 126 12.5
4 110 139 10.0
Leg Press 
1 RM = 168 kg
Randomized trials % o f 1 RM weight (kg) time (seconds)
5 150 252 37.7
4 160 269 25.5
1 170 286 24.2
2 180 303 23.9
3 190 320 19.1
Bench Press
1 RM = 162 kg
Randomized trials 
2 
1
3
4
5
% o f l  RM 
120 
130 
140 
150 
160
weight (kg) 
195 
211 
227 
243 
260
time (seconds)
20.3
7.4
5.6
2.1 
0.0
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Participant 3
Age: 25 
Height: 167 cm 
Weight: 73 kg
Weight lifting experience: 8 years
Pulldown
1 RM = 83 kg
Randomized trials
4 
3
5 
1 
2
% o f l  RM 
70 
80 
90 
100 
110
weight (kg) 
58 
67 
75 
83 
91
time (seconds)
32.2
27.8
25.5
14.2
10.1
Leg Press
1 RM = 105 kg
Randomized trials 
5 
1
3 
2
4
% o f l  RM 
150 
160 
170 
180 
190
weight (kg) 
158 
168 
179 
189 
200
time (seconds)
55.0
43.6
40.4
33.3
20.7
Bench Press
1 RM = 98 kg
zed trials % o f l R M weight (kg) time (seconds)
4 120 117 14.9
1 130 127 12.5
5 140 137 16.0
3 150 147 11.9
2 160 156 5.1
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Participant 4
Age: 22 
Height: 175 cm 
Weight: 78 kg
Weight lifting experience: 5 years
Pulldown
1 RM = 86 kg
Randomized trials % o f 1 RM weight (kg) time (seconds)
4 70 60 43.8
2 80 68 33.8
1 90 77 27.0
5 100 86 23.2
3 110 94 15.2
Leg Press 
1 RM =125 kg
Randomized trials % o f l  RM weight (kg) time (sec
2 150 187 48.6
5 160 200 32.7
4 170 213 32.4
3 180 225 27.1
1 190 238 18.9
Bench Press
1 RM = 98 kg
zed trials % o f 1 RM weight (kg) time (seconds)
2 120 117 31.3
4 130 127 16.5
5 140 137 11.1
1 150 147 9.0
3 160 156 4.4
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Participant 5
Age: 23 
Height: 175 cm 
Weight: 88 kg
Weight lifting experience: 2 years
Pulldown
1 RM = 88 kg
Randomized trials % o f  1 RM weight (kg) time (seconds)
4 70 61 29.9
2 80 70 29.2
1 90 79 22.7
5 100 88 10.6
3 110 96 8.5
Leg Press 
1 RM = 93 kg
Randomized trials % o f  1 RM weight (kg) time (seconds)
1 150 140 50.2
4 160 149 49.5
2 170 158 45.8
3 180 168 33.3
5 190 177 19.2
Bench Press
1 RM = 102 kg
Randomized trials
3 
5
4 
1 
s
% o f l  RM 
120 
130 
140 
150 
160
weight (kg) 
123 
133 
143 
154 
164
time (seconds)
25.6
15.0
14.4
11.9 
11
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Participant 6
Age: 36 
Height: 177 cm 
Weight: 87 kg
Weight lifting experience: 18 years
Pulldown
1 RM = 91 kg
Randomized trials % o f l  RM weight (kg) time (seconds)
3 70 64 30.5
4 80 73 22.4
1 90 82 20.2
2 100 91 12.8
5 110 100 4.1
Leg Press
1 RM =136  kg
Randomized trials 
2 
1
3
4
5
% o f l  RM 
150 
160 
170 
180 
190
weight (kg) 
205 
218 
232 
245 
259
time (seconds)
40.5
34.2
27.0
25.5
16.8
Bench Press
1 RM = 125 kg
zed trials % o f l  RM weight (kg) time (seconds)
4 120 136 29.9
5 130 164 20.9
3 140 175 12.7
1 150 186 9.2
2 160 200 7.7
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Participant 7
Age; 24 
Height; 180 cm 
Weight: 110 kg
Weight lifting experience: 5 years
Pulldown
1 RM = 101 kg
Randomized trials % o f 1 RM weight (kg) time (seconds)
1 70 70 36.6
2 80 80 28.0
4 90 91 19.9
3 100 101 14.9
5 110 111 6.3
Leg Press 
1 RM= 164 kg
Randomized trials
4 
2
5 
3 
1
% o f l  RM 
150 
160 
170 
180 
190
weight (kg) 
245 
262 
278 
295 
311
time (seconds)
44.6
41.1
30.5
27.6
20.9
Bench Press
1 RM = 145 kg
zed trials % o f l R M weight (kg) time (seconds)
5 120 175 30.3
2 130 189 27.4
1 140 204 26.8
4 150 218 11.7
3 160 233 10.4
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Participant 8
Age: 24 
Height: 174 cm 
Weight: 80 kg
Weight lifting experience: 3 years
Pulldown
1 RM = 82 kg
Randomized trials 
2 
5
3
4 
1
% o f l  RM 
70 
80 
90 
100 
110
weight (kg) 
57 
65 
74 
82 
90
time (seconds)
34.4 
22.8 
21.2
12.5
10.6
Leg Press 
1 RM = 102 kg
Randomized trials % o f 1 RM weight (kg)
2
5
4
1
3
150
160
170
180
190
153
164
174
184
194
time (seconds) 
40.4
35.8 
33.7 
27.0
18.9
Bench Press
1 RM = 102 kg
Randomized trials
4
5 
1
3
n6
% o f l  RM 
120 
130 
140 
150 
160
weight (kg) 
123 
133 
143 
153 
164
time (seconds)
21.2
19.3
17.1
6.4
5.5
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Participant 9
Age: 27 
Height: 180 cm 
Weight: 128 kg
Weight lifting experience: 10 years
Pulldown
1 RM = 1 3 6  kg
Randomized trials 
2 
1
3
4
5
% o f l  RM 
70 
80 
90 
100 
110
weight (kg) 
95 
109 
123 
136 
150
time (seconds)
35.5
33.3
25.5
18.2 
12.0
Leg Press 
1 RM = 182 kg
Randomized trials % o f l  RM weight (kg) time (seconds)
5 150 273 48.6
3 160 291 35.0
2 170 309 30.9
1 180 327 26.6
4 190 345 19.9
Bench Press
1 RM =  161 kg
Randomized trials % o f l  RM weight (kg) time (seconds)
3 120 194 25.7
1 130 209 23.3
5 140 227 18.5
2 150 241 18.1
4 160 258 10.0
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Participant 10
Age: 23 
Height: 167 cm 
Weight: 71 kg
Weight lifting experience: 6 years
Pulldown
1 RM = 80 kg
Randomized trials % o f  1 RM weight (kg) time (seconds)
3 
5
4 
2 
1
70
80
90
100
110
56
64
72
80
88
26.6
21.5
20.0
11.8
9.9
Leg Press 
1 RM = l l l k g
Randomized trials % o f  1 RM weight (kg) time (seconds)
3 
1 
2 
5
4
150
160
170
180
190
167
178
189
200
212
52.7
40.4
35.8
30.5
24.9
Bench Press
1 RM =  95 kg
Randomized trials
4
5 
2 
3 
1
% o f l  RM 
120 
130 
140 
150 
160
weight (kg) 
115 
124 
134 
143 
153
time (seconds)
22.7
15.4
13.3
7.1
6.6
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Participant 11
Age: 31
Height: 185 cm 
Weight: 99 kg
Weight lifting experience: 11 years
Pulldown
1 R M =  118 kg
Randomized trials % o f 1 RM weight (kg) time (seconds)
5 70 83 27.0
3 80 95 25.3
2 90 106 22.2
1 100 118 14.9
4 110 130 9.5
Leg Press 
1 RM = 143 kg
Randomized trials % o f  1 RM weight (kg) time (seconds)
1 150 215 65.2
5 160 229 53.6
3 170 243 49.9
4 180 258 50.7
2 190 273 30.5
Bench Press 
1 RM = 134 kg
Randomized trials % o f  1 RM weight (kg) time (seconds)
2 120 160 19.9
1 130 174 7.7
3 140 188 5.1
4 150 201 0.0
5 160 215 0.0
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